Abstract-In this research a CO 2 IR laser was used to create reconfigurable microchannels in ice where parameters could be changed during operation. The flow of liquid acts as its own shutoff valve by freezing/melting. Concentration of dye can be achieved in ice and was observed with a reflection spectrophotometer.
I. INTRODUCTION
Microfluidic devices are now popular tools in the biotechnology industry as they provide smaller reagent requirements, high speed of analysis and the possibility for automation [1] . The aim of this research is to develop a microfluidic platform which unlike existing microfluidic devices can be flexible and readily adapted to different specific separation or analytical tasks.
II. METHODS

A. Drawing of microchannels on ice with a CO 2 IR laser.
Small reservoirs filled with liquid were fixed on a flat cooling device with flowing cooling liquid (a mixture of water and commercial antifreeze). The temperature of the cooling liquid was controlled by the LTD 20 G Grant apparatus in the temperature range of -20 to -0 0 C with ±1 0 C precision The laser used in this study is a CO 2 laser marker, the 1-30 W IR CO 2 Fenix from SYNRAD generating a laser beam of 10510-10650 nm wavelength with a maximum output power of 30 W.
Samples were laid under the laser beam on a stage which height can be adjusted with the rotation of a jack rotation wheel. The focal length of the lens of the laser is 80 mm. Microchannels patterns are drawn by the laser monitored by the Winmark software.
B. Control of a continuous transport of liquid through the created open channels.
Transport of liquid in the channels was achieved by creating two apertures in the ice, one of which was filled with dye solution of Meldolas's blue at 1.5 10 -4 g/L. The laser beam hitting the aperture would move the dye along the channel. The dye (50 µL) was injected with a micropipette at one end of the channel and moved along the channel drawn by the laser.
C. Detection.
For visual detection inside the microchannels we selected a fibre optic reflection probe, Qmicro-R200-7-UV/VIS-BX, from Ocean Optics, USA. The probe is linked at one end to the USB2000 spectrophotometer (Ocean Optics, USA), which is connected to a Windows XP PC via USB port and therefore does not need an external power supply. The second end of the probe is connected to a halogen light source (UV-VIS-NIR DH2000 from Mikropack, Germany). The USB2000 is operated through the OOIBase32 Spectrometer Operating Software.
D. Onw shutt-off valve.
Reservoirs made of a border in PDMS stuck onto a glass slide and covered with a cover glass as shown on Fig. 1 were filled with water and fixed on the cooling system. Once frozen, holes of 1mm diameter where scanned in order to connect the two channels 1mm apart created by the tubes in peek inside the reservoirs. The time at which time the dye would pass from one channel to the other (melting time) was recorded.
E. Concentration
In the sample descript on Fig. 1 frozen at -18°C, a hole of 2mm diameter was scanned by the laser at 4% power and 100mm/sec every 30seconds. Measurements of the absorbance on the area scanned were done every 15 minutes for 90 seconds.
III. RESULTS AND DISCUSSIONS
Microchannels, holes, and more complex geometries were created in ice with the laser as shown on the following picture. Practically any type of geometric features with dimensions 0.2-100 mm could be accurately created in the ice within minutes. Created features could be maintained in the ice during prolonged period of time by repeated scanning at some time intervals. The picture on Fig. 2 was taken with a Digital Blue camera with a 10 times enlargement lens.
Liquid flow can be achieved through the channels created in ice with the laser as shown on Fig. 3 .
Dyes of different concentrations can be detected inside the channels as shown in Fig. 4 . Here we used Meldola's blue. When scanning a hole between two channels, the time to open the gap between the two channels decreases with the power of the laser used (Fig. 5) . When the laser beam stops illuminating the area, after 2 minutes the gap refreezes and closes again. This works as its own shut-off valve.
Concentration of dye was achieved by freezing dye while keeping an area melted under the illumination of the laser beam. As shown on Fig. 6 , the absorbance measured in that area increases over the period of time, which implies the concentration of dye present in that area increases as well.
Results of this research have demonstrated the feasibility of reconfigurable microchannels in ice. Liquid can flow inside the ice capillaries created by the CO 2 IR laser; it can also be frozen and redirected by the use of a laser beam. The flow of liquid inside the channels can acts as its own shut-off valve by freezing/melting. Concentration of dye can be achieved in ice. This device can be an invaluable tool for the design of microfluidic units for research and practical applications where system parameters should be changed during operation cycles.
The possibility to use this device for electrophoresis will be investigated in future work.
